The present study aims to determine the impact of gamma radiation on the germination % and mitotic indices in three varieties of Dolichos lablab L. viz. Arkajay, Swarna uthkrishit and RP-08-31, at different doses of gamma rays i.e. 100, 200, 300, 400 and 500 Gy. Through the acquisition of the following experiment, an attempt to screen out the superior variety among the three selected varieties was done for Dolichos lablab. Among the three varieties studied, Arkajay showed the highest germination % and active mitotic index (AMI). A significant decline in AMI and increment in total abnormality percentage (TAB%) was observed with the increase in gamma rays from lower to higher doses. TAB% was induced due to the ionizing radiation. Stickiness, precocious movement, laggard and unorientation were found as preponderant chromosomal abnormalies. However, stickiness was the major abnormality at both metaphase and anaphase stages of cell division. In the present study, variety Arkajay emerged as the best variety based on the fact that it showed highest germination percentage and AMI among all of the three varieties selected.
Hz) that are used as physical mutagen. Low proportion of gamma radiations is present naturally through solar penetration. Prior to use of gamma rays for mutagenic study, its dose optimization and screening out variation has been always occurred in the wild via spontaneous incidence, that is of course a rare phenomenon. However, the resulting variation provides the raw material for natural selection and is also a driving force in evolution (Oladosu et al. 2016) . Introducing artificial mutation through induced mutagenesis has evolved and has been rigorously worked upon by breeders and researchers across the globe for introducing genetic variation. Science of induced mutation has become the embodiment of plant breeding and it has flourished all over the world for improving agronomic traits of various economically important plants. The selection of beneficial dose for the outcome of positive results is critically essential. Since, after exposure the level of incorporation of radionuclide in the cells has a several manifold deleterious effect due to atomic decay (Grodsinsky et al. 2001) .
Research on the basic interaction of ionizing radiation (gamma rays) with biological systems has contributed to human society through applications in medicine, agriculture, pharmaceutical uses, and other technological processes (Marcu et al. 2013) . The biological effect of gamma-rays is based on the interaction with atoms or molecules in the cell, particularly water, to produce free radicals.This indirect effect of gamma rays is important in vegetative cells, the cytoplasm of which contains about 80% water (Kovács and Keresztes 2002) .
Mitotic study issues the firsthand information for insights to cellular level. It is one of the oldest, simplest and least expensive methods for studying the induction of chromosomal aberrations utilizes plant root tips as experimental material (Kihlman 1975) . Mitotic index study is a cytogenetic test critical for examining genotoxic effects, characterize proliferating cells and to identify materials that inhibit or induce mitotic progression (Eroglu et al. 2007) .
Genetic variability has been created in various crops via adopting mutagenic tools and possibly this could assist in providing overwhelming results qualitatively and quantitatively. Previous works aimed at mitotic inception are in Chrysanthemum carinatum (Verma and Chandel 1994) , Allium cepa L. (Ahirwar 2013) and Crotalaria juncea (Kumar and Dwivedi 2014) . Singh and Datta (2010) have recently shown that low dose of gamma irradiation could be potentially exploited for improving plant vigor and grain productivity.
Dolichos lablab L. (Fabaceae), is an important leguminous plant since it contains high amount of protein.
Chromosome constitution compiles 2n = 22 chromosomes in a diploid cell. The plant is also used as antiinflammatory, aphrodisiac, antispasmodic, antidiabetic, febrifuge and for flatulent, bilious, stomachic disorders (Bhogireddy et al. 2013) . Leaves and flowers show antibacterial activity (Priya and Jennifer 2014) . The objective of the present research work was to assess the effect of gamma rays on seed germination in three varieties of Dolichos lablab L. and also focus on evaluating the influence of the radiation on the chromosomes of this plant through monitoring the effect of gamma rays on Active Mitotic Index (AMI) and percent frequency of chromosomal abnormality i.e. TAB%. Irradiated seeds were allowed for germination in seed germinator in water soaked filter papers. After germination, the irradiated roots alongwith the control (that was unradiated), were fixed in carnoy's fixative (1:3, Glacial Acetic Acid and Absolute alcohol) in labelled plastic bottles. The roots were preserved in 90% alcohol.
MATERIALS AND METHODS
Slides were prepared for cytological study. First of all, roots were hydrolysed in 1N HCl on water bath. After careful washing with distilled water, the roots were blotted on blotting paper, followed by staining in 2% acetocarmine. After staining, the darker stained root tips were excised and squashed in 2% acetocarmine mount. Slides were observed at 40X resolution and photographs were captured through PCTV software in Nikon phase contrast microscope. Five slides were prepared for each dose and several microscopic views from each slide was recorded for scoring of Active Mitotic Index (AMI%) and Total Abnormality Percentage (TAB%).
Statistical assessment The data were analyzed by the SPSS 16.0 software. There were three replicates of plant varieties for each treatment and one independent variation. A one way analysis of variance (ANOVA) and Duncan's multiple range test (DMRT, P < 0.05) were performed for mean separation and the graph was plotted using Sigma Plot 10.0 software. Actual mean and standard error were calculated.
RESULTS

Influence on germination of the seeds
Somatic chromosome study of gamma irradiation on the germination of the seeds is important for detecting induction of various chromosomal anomalies. Fig. 1 indicates clearly the comparative study on germination of the seeds in three varieties of D. lablab exposed to gamma irradiation. Percentage of seed germination exposed by the gamma irradiation at 100 and 200 Gys were closed to the control set. It started decreasing after the gamma irradiation exposures by 300 and 500 Gy doses, respectively; a marked decline was observed. Fig. 1 comprised the order of the superiority among the three varieties on the criteria of seed germination on. It has been reported that the germination percentage of the variety Arkajay was found to be highest at all doses.
Influence of gamma irradiation on AMI (Active Mitotic
Index) The effect of gamma irradiation on the plant was in a dose dependent manner. A highly significant decrease in AMI% compared to the control was evident at all doses. The mitotic actively dividing cells of the root meristems zone of the plant variety Arkajay executed highest value of AMI% at all doses; ranging from 9.74±0.14 at 100 Gy to 4.95±0.11 at 500 Gy respectively and the value of the AMI% in plant variety RP-08-31 was scored from 9.04±0.08 at 100 Gy to 4.62±0.08 at 500 Gy, which was the lowest AMI% among all the three varieties at all doses. AMI% of variety Swarna utkrishit 9.15±0.08 to 4.72±0.10 was in between of the AMI% of these two. The expression of values of AMI% inferred mitotic activity of the meristematic cells was greater in the plant variety Arkajay then in Swarna utkrishit and the least in the case of plant variety RP-08-31. The values of AMI% at doses of 100 Gy and 200 Gy were slightly decreased, while 300 Gy onwards, a major reduction in AMI% was recorded. A vast fall off in the AMI% value at 500 Gy doses was evidenced, which concluded lethality of this dose.
Influence on chromosomal structure
Percentage of various chromosome abnormalities induced by gamma irradiation in the abnormal cells of root meristem of plant varieties is documented in Table 1 . At highest dose, the percentage of these abnormalities was highest compared to lower doses of gamma rays. The plant variety RP-08-31 showed highest TAB% i.e. 0.98±0.03 to 4.50±0.19. In other two varieties, the TAB% increased from 0.55±0.04 to 4.25±0.07 in case of Arkajay whereas an increment from 0.89±0.18 to 4.40±0.21was found in Swarna Utkrishit variety of Dolichos lablab L. Fig. 2 illustrates various types of chromosomal abnormalities triggered by gamma irradiation. Fig. 2A shows normal metaphasic stage (2n = 22) of mitosis (Fig. 2B) represents normal anaphasic configuration of the division phase, in which chromosomes. Fig. 2C showed about prominent abnormalities at metaphase i.e. stickiness of chromosomes, unorientation of metaphasic stage (Fig. 2E ) and scattering of chromosomes (Fig. 2F) . Fig. 2D showed the unoriented Metaphasic abnormality with two precocious chromosomes. At Anaphase stage of cell division (Fig. 2G ) represent one forward movement of chromosome whereas (Fig. 2H ) display the one Laggard chromosome. (Fig. 2I) shows stickiness of chromosomes at Anaphase stage of mitotic cell division. The stickiness of chromosomes was also a dominant abnormality at anaphase stage. Fig. 3 and Fig. 4 represents the comparison of the Metaphasic and anaphase chromosome abnormalities observed in the three varieties of the plant D. lablab. From Fig. 3 , it is clear that at the dose of 100 and 400 Gy the plant variety Swarna uthkrishit have highest Metaphase abnormality compared to other two plant varieties, whereas at doses of 200, 300 and 500 Gys., the plant variety RP-08-31 showed highest chromosomal abnormality. In (Fig. 4) , at the dose of 200 Gy Swarna uthkrishit variety represents highest anaphase abnormalities. Percentage of various chromosomal ab- normalities induced by gamma irradiation in the abnormal cells of the root meristems of plant varieties is documented in Table 1 . At highest dose, the percentage of these abnormalities was highest compared to the lower doses of gamma rays studied. The plant variety RP-08-31 showed the highest TAB%, i.e. 0.98 ±0.03 to 4.50±0.19. In the other two varieties, the TAB% increased from 0.55±0.04 to 4.25±0.07 in case of Arkajay whereas an increment from 0.89±0.18 to 4.40±0.21 was found in S. utkrishit a variety of D. lablab. Fig. 2 illustrates various types of chromosomal abnormalities triggered by gamma irradiation. Fig. 2A showed normal metaphase stage (2n = 22) of mitosis (Fig. 2B) represents normal anaphase configuration of the division phase, in the chromosomes. Fig.  2C showed about prominent abnormalities at metaphase i.e. stickiness of chromosomes, unorientation of metaphase stage (Fig. 2E) and scattering of chromosomes (Fig.  2F) . Fig. 2D showed the unoriented metaphase abnormality with two precocious chromosomes. At anaphase stage of cell division (Fig. 2G) represent one forward movement of chromosome whereas (Fig. 2H ) display one lagging chromosome. Fig. 2I shows stickiness of chromosomes at anaphase stage of mitotic cell division. The stickiness of chromosomes was also a dominant abnormality at anaphase stage. Figs. 3 and 4 represent the comparison of the metaphase and anaphase chromosome abnormalities observed in three varieties of D. lablab. From Fig. 3 , it is clear that at the dose of 100 and 400 Gys. The plant variety Swarna uthkrishit have highest metaphase abnormality compared to other two plant varieties, whereas at doses at 200, 300 and 500 Gys, the plant variety RP-08-31shows highest chromosomal abnormality. In Fig. 4 , at the dose of 200 Gy S. uthkrishit variety represents highest anaphasic abnormalities. (Tubiana 2008; Lee et al. 2009 ).These radicals might be translocated through the cell sap and effect the mitotic actively dividing cells of root meristem and also fluctuate the germination frequency of the seeds.
DISCUSSION
Mechanism of Gamma Rays
Effects of Doses
Considering about the effect of gamma radiation on biological tissues it is observed that lower doses stimulates the cell division and higher-doses inhibits the cell division due to free radicals and DNA system damage (Zaka et al. 2004 ). The beneficial effects of low doses of gamma irradiation accomplished with the phenomenon of Hormesis (Luckey 1980; Sagan 1987; Planel et al. 1987; Korystov and Narimanov 1997) .
Germination With respect to germination of the seeds of different plants, Borzouei et al. (2010) in Triticum aestivum L. observed that gamma irradiation stimulated germination of the seeds. Such stimulatory effects of lower doses to seed germination has been reported in majority of other legumes such as chickpea (Melki and Salami 2008) and soybeans (Mudibu et al. 2011) .
Effects on Mitotic Indices Mitotic index measures the
proportion of cells in the M-phase of the cell cycle and its inhibition could be interpreted as cellular death (Rojas et al. 1993) .Reduction in the mitotic activity could be due to inhibition of DNA synthesis or a blocking in the G2 phase of the cell cycle, preventing the cell from entering mitosis ( Van't Hof 1968; Schneiderman et al. 1971; Beu et al. 1976; Sudhakar et al. 2001) . When cells are exposed to radiation, DNA sometimes breaks, and the broken ends may rejoin in different patterns from their original arrangement. It may be visualized at mitosis when cells divide; these breaks resulted in chromosomal aberrations (radefx).
Effects on Chromosomal Morphology
The study of radiation induced in chromosomal aberrations in certain plants has been done by several workers such as: in Lathyrus sativum (Tripathi and Kumar 2011) , in Vicia faba (Kihlman and Anderson 1984) and in Vigna mungo (Goyal and Khan 2009) . Swierenga et al. (1991) suggested that chromosomal aberrations (CA) are extremely valuable for study of variations created by mutagens. Most of the CA observed in cells are lethal, but there are many corresponding aberrations that are viable and can cause genetic effects, either somatic or reproductive (Gadano et al. 2002) . Chromosome malsegregation and defects in chromatid separation, bridge formation, chromosome exchange, chromosome breakage and loss, or the loss of chromosome fragments are observed by many researchers (Chenal et al. 2006; Geraskin et al. 2005) . These numerous abnormalities generate acentric fragments that are excluded during the late-stages of mitosis and produce micronuclei that reflect these aberrations (Zaka et al. 2002a) . Dhanavel et al. (2012) reported increased chromosomal abnormalities in the Co7 variety of cowpea with increasing dose of γ-radiation. Beadle (1932) reported chromosome stickiness in maize for the first time and attributed such irregularity to a mutation caused by a recessive gene called sticky (st). Levan (1945) and Liu et al. (1995) have both reported severe cytological abnormalities in the dividing cells of onion (Allium cepa) roots resulting from chromosomal stickiness. The scattering of chromosomes appeared due to loss of microtubules of spindle fibres (Heaps et al. 1982; Salam et al. 1993 ). Kumar and Rai (2007) reported that unorientation at metaphase and scattering of chromosomes may be due to inhibition of spindle formation or destruction of spindle formed.
Precocious movement of chromosomes was observed when doses of mutagens increased. It might have been caused by the early terminalization, stickiness of chromosomes or because of the rest during anaphase (Permjit and Grover 1985) .
Lagging chromosomes may be due to abnormal spindle formation and as a result spindle fibres fail to carry the respective chromosomes to the polar region and resultantly lagging chromosome appeared (Tarar and Dyansagar 1980) . Lagging chromosomes occur because of improper movement of chromosomes during anaphase separation (Soheir et al. 1989) .
CONCLUSION
From the above cytological analysis, it has been concluded that gamma rays induced various chromosomal aberrations, which could be desirable in enhancing agronomic traits in the highly proteinaceous plant Dolichos lablab L. This study also assisted in selection of best variety of the plant i.e. Arkajay variety for further experimental work on the basis of the germination percentage and mitotic behaviour of plant. From the experimental finding it has been confirmed that above mentioned research work could be further analysed at meiotic level to generate elite genotype of the plant Dolichos lablab L. var. Arkajay.
